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Monday, February 27, 2012 313aof 24-months old WT mice as compared to 4-months adult mice. In contrast,
cardiac specific Cav3OE mice had normal cardiac function with no detectable
fibrosis and cardiac hypertrophy at 24-months, which was similar to 4-months
adult WT or Cav3OE mice. Whole-cell patch clamp analysis showed signifi-
cantly increased APD50 (44.8958ms) and APD90 (66.5511ms) (n=6) in
the ventricular myocytes of 24-month aged mice compared to 4-months adult
mice (APD50: 8.952ms; APD90: 17.8856ms; n=6). A re-expression of the
ICa,T (2.151pA/pF) observed in ventricular myocytes from 24-months
aged WT mice suggested possible cause for altered Ca2þ signaling and induc-
tion of ventricular hypertrophy. In contrast, ventricular myocytes from 24-
months aged Cav3OE showed a normalized action potential (APD50:1153ms;
APD90:47.556ms; n=8) and negligible ICa,T (0.35 0.5 pA/pF). We con-
clude that a reduced Cav3 expression in aged ventricle contributes to arrhyth-
mia, altered Ca2þ signaling via re-expressed ICa,T and cardiac dysfunction.
Cardiac specific overexpression of Cav3 prevents aging induced arrhythmia,
cardiac dysfunction and hypertrophy.
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Nucleoplasmic calcium concentration ([Ca]) in cardiac myocytes (CMs) regu-
lates exitation-transcription coupling and is involved in remodelling processes.
Perinuclear Ca stores contribute to the regulation of nucleoplasmic [Ca] tran-
sients (CaTs).We thus characterized alterations in perinuclear Ca stores and nu-
cleoplasmic CaTs after pressure overload-induced hypertrophy in adult CMs.
Pressure overload was induced by transverse aortic constriction (TAC) in adult
wild-type mice. Sham-operated mice served as controls. Ventricular CMs were
isolated 1 and 7 weeks after TAC/Sham. Perinuclear Ca stores were visualized
using confocal imaging and staining with Mag-Fluo-4/AM (10mM). CaTs were
recorded in electrically-stimulated CMs loaded with Fluo-4/AM (8mM).
In Sham CMs, staining of perinuclear Ca stores revealed a nuclear envelope and
tubular structures transversing the nucleus. Rapid application of caffeine (20
mM, n=7) reversibly abolished Mag-Fluo-4 fluorescence. Fluorescence recov-
ery after depletion was identical in nuclear envelope and tubular structures. A
significant increase in number of tubules per nucleus was observed during
physiological growth (1week: 4.250.2; 7weeks: 4.750.2 (n=90)). Nuclear di-
mensions as well as cyto- and nucleoplasmic CaTs remained unaltered. In TAC
CMs, the number of tubules progressively decreased (1week; 4.350.2;
7weeks: 3.450.2 (n=90)), whereas length and width of nuclei increased
(1week: 13.350.3 and 4.950.2mm; 7weeks: 17.850.7 and 5.550.2mm).
One week after TAC changes in the kinetics and amplitude of CaTs were found
in the nucleus (TTP: 12752 vs 19455ms; RT50: 36057 vs 38055ms; ampli-
tude: 491519 vs 376528nM; Sham vs TAC (n=15); all P<0.05). Seven weeks
after TAC similar changes also occurred in the cytoplasm.
Perinuclear Ca stores and nucleoplasmic CaTs undergo significant changes dur-
ing hypertrophy progression, which appear to precede changes in cytoplasmic
Ca regulation. These results raise the possibility that altered nucleoplasmic [Ca]
may contribute to the development and/or progression of hypertrophy.
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Itch, the unpleasant sensation that evokes a desire to scratch, is mediated by
a subset of primary afferent C-fibers. Several lines of evidence suggest that ker-
atinocytes also play an active role in itch signaling. First, keratinocytes release
nerve growth factor (NGF), a molecule implicated in chronic itch. Second, ker-
atinocytes secrete a number of pruritogens, including histamine, endothelin-1
(ET-1) and leukotriene B4. Third, keratinocytes are directly activated by a num-
ber of pruritogens. To elucidate the role of keratinocytes in the transduction of
itch, we are probing the mechanisms underlying itch-evoked calcium signaling
in primary human keratinocytes. Using ratiometric Ca2þ imaging, we found
that keratinocytes respond robustly to three pruritogens: histamine (10 mM),
ET-1 (100 nM) and the peptide activator of PAR2, SLIGRL (10 mM). These
pruritogens trigger both Ca2þ release from stores and Ca2þ influx across the
plasma membrane. Histamine signaling requires the histamine receptor 1
(H1R), as the H1R-specific antagonist, diphenhydramine (10 mM), completely
blocks all calcium signals. Pruritogen-evoked calcium signals also require
functional store-operated channels (SOCs), as 2-Aminoethoxydiphenyl borate
(2-APB; 50 mM), Gd3þ (10 mM) and La3þ (50 nM) inhibit pruritogen-evoked
calcium influx. Consistent with our pharmacological findings, real timeqPCR and microarray gene expression analysis demonstrate that Orai1 is highly
expressed in both human and mouse primary keratinocytes. Thus, Orai1 may be
a channel onto which multiple itch pathways converge to trigger pruritus.
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Scanning IonCunductanceMicroscope (SICM)produces 3D images of live cells
with nanometer resolution. In the past, SICM nanopipette probe was used for
chemical agent delivery(1) and also to map potassium channels in cardiomyo-
cytes(2). However these applications had little control over the concentration
of applied agent that was only estimated from the geometry of the pipette tip.
We have used two different methods to quantify andmonitor chemical delivery.
A highly sensitive electrochemical substrate sensor was fabricated, to quantify
the spatiotemporal distribution of delivered electrochemical mediators by
SICM nanopipette. The amount of substance released at different pressures
and voltages were measured and calibrated by the electrochemical sensor. A
double barrel nanopipette with integrated detection sensor was also fabricated
to monitor the concentration of mediator near the tip. One barrel was filled
with carbon as electrochemical sensor and the other barrelwas filledwith theme-
diator. Using this approach and by applying different pressures and voltages to
the nanopipette, concentration of chemicals at the tip can be controlled. We
were able to trigger localised receptormediated responses in neurons, by varying
local concentration of agonists under the SICM nanopipette tip. This will open
the possibility for functional mapping of receptor mediated responses in cells.
1. Rodolfa KT; Bruckbauer A; Zhou D; Korchev YE; Klenerman D. (28 Oct
2005). Two-component graded deposition of biomolecules with a double-
barreled nanopipette. Angew Chem Int Ed Engl. 44:6854-6859.
2. Korchev YE; Negulyaev YA; Edwards CR; Vodyanoy I; Lab MJ. (Sep
2000). Functional localization of single active ion channels on the surface of
a living cell. Nat Cell Biol. 2:616-619.
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Store operated calcium entry (SOCE) is a universal mechanism that cells use to
replenish their intracellular calcium stores. SOCE activation is regulated by
STIM1, an endoplasmic reticulum (ER) transmembrane protein with calcium
binding EF-hand domains protruding into the ER lumen. Upon depletion of
ER calcium stores, the dissociation of calcium ions from STIM1 EF-hands trig-
gers a conformational change that leads to the formation of STIM1 oligomers,
which translocate to the plasma membrane to bind and activate calcium chan-
nels of the Orai family. Once ER stores are replenished, STIM1 oligomers de-
tach from plasma membrane channels and subsequently de-oligomerize.
Whether changes in ER calcium levels regulate STIM1 oligomerization and
de-oligomerization in a similar fashion is not known. In this study, we used
reversible SERCA inhibitors to deplete and refill ER calcium stores in HeLa
cells and measured by FRET the kinetics of oligo- and de-oligomerization be-
tween CFP-STIM1 and YFP-STIM1. We found that the refilling of ER calcium
stores was not sufficient to de-oligomerize STIM1 molecules. Using BAPTA-
AM to increase the cytosolic calcium buffering capacity of cells, we could
fully refill ER stores without inducing the de-oligomerization of STIM1. De-
oligomerization of STIM1 in BAPTA-loaded cells occurred upon readmission
of Ca2þ to the extracellular medium, and was prevented by SOCE channel in-
hibitors (La3þ and Gd3þ). Applying divalent ion Ba2þ in substitution for
Ca2þ at the readmission stage induced only a partial and temporal STIM1
de-oligomerization. These data indicate that an elevation of the cytosolic
Ca2þ concentration is required for the induction of the de-oligomerization
process while ER refilling is not sufficient. Our findings thus indicate that
STIM1 oligomerization exclusively depends on ER Ca2þ content, while de-
oligomerization depends both on ER and cytosolic Ca2þ concentrations.
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STIM1 and Orai1 are key players of the Ca2þ-release activated Ca2þ
(CRAC) current that plays an important role in T cell activation as well as
mast cell degranulation. Activation of the CRAC channel forming subunit
314a Monday, February 27, 2012Orai1 occurs via a physical interaction with the Ca2þ sensor protein STIM1
when ER Ca2þ stores are depleted. We have recently shown (Muik et al.,
2011) that this coupling process correlates with a refolding of STIM1 into
an extended conformation by utilizing a STIM1-derived FRET sensor. Fur-
thermore, such extended conformations have been engineered by single point
mutations within the cytosolic coiled - coil domains of STIM1. Hence intra-
molecular interaction domains are likely involved in keeping STIM1 in a rest-
ing, tight state. For further investigations, a new system called ‘‘FRET -
based Interactions in Restricted Environments (FIRE)’’ was engineered for
mapping such putative domains. This new developed system revealed not
only a coiled-coil related shielding effect in the tight conformation of
STIM1, but also a change in the accessibility of certain domains within
STIM1 upon intramolecular transitions into an extended conformation.
Hence, this new FIRE represents a promising tool for dissecting STIM1
into interaction domains responsible for STIM1 conformational states. (Sup-
ported by Austrian Science Fund (FWF): P22565)
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Two defining functional features of ion channels are ion selectivity and channel
gating. Ion selectivity is generally considered an immutable property of the
open channel structure, whereas gating involves transitions between open
and closed channel states typically without changes in ion selectivity. In
store-operated Ca2þ release-activated Ca2þ (CRAC) channels, the molecular
mechanism of channel gating by the CRAC channel activator, STIM1 (stromal
interaction molecule 1) remains unknown. CRAC channels are distinguished by
an extraordinarily high Ca2þ selectivity and are instrumental in generating sus-
tained [Ca2þ]i elevations necessary for gene expression and effector function
in many eukaryotic cells. Here, we probed the central features of the STIM1
gating mechanism in the CRAC channel protein, Orai1, and identified V102,
a residue located in the extracellular region of the pore, as a candidate for
the channel gate. Mutations at V102 produced constitutively active CRAC
channels that were open even in the absence of STIM1. Although STIM1-
free V102 mutant channels were not Ca2þ-selective, their Ca2þ selectivity
was dose-dependently increased by interactions with STIM1. Similar enhance-
ment of Ca2þ selectivity also occurred in WT Orai1 channels by increasing the
number of STIM1 activation domains directly tethered to Orai1 channels. Thus,
exquisite Ca2þ selectivity is not an intrinsic property of CRAC channels, but
rather a tunable feature bestowed on otherwise non-selective Orai1 channels by
STIM1. Our results demonstrate that STIM1-mediated gating of CRAC chan-
nels occurs through an unusual mechanism wherein permeation and gating are
closely coupled.
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The essential molecular components of Ca2þ release-activated Ca2þ (CRAC)
channels are represented by the sensor protein STIM1 anchored in the endo-
plasmatic reticulum (ER) membrane and the pore-forming Orai in the plasma
membrane. Channel gating involves direct binding of the cytosolic portion of
STIM1 with both N- and C-termini of Orai channel. Recently we have reported
(Bergsmann et. al., 2011) that the first half of the N-terminal conserved region
of Orai3 is dispensable for its activation either by STIM1 or 2-aminoethoxy-
diphenyl-borate (2-APB). Here we identified that Orai1 in contrast to Orai3
requires nearly the whole conserved region for store-operated activation.
Non-functional Orai1 N-terminal truncation mutants regained partial store-
operated function upon substitution of the C-terminus by that of Orai3. More-
over we elucidated that a single point mutation in transmembrane region 1
(TM1) of Orai1 and Orai3 leads to constitutively active channels independent
of STIM1. Store-non-responsive Orai1 N-terminal truncation mutants could be
revitalized by this single point mutation in TM1. In summary, we identified
within the N-terminal conserved region distinct structural requirements for
store-operated activation of Orai1 and Orai3. Furthermore, the lack of N-termi-
nal portions essential for Orai1 function can be compensated by domains of
Orai3 or single point mutations in TM1. (supported by Austrian Science
Fund (FWF) T 466 and P22565)1599-Pos Board B369
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A major calcium influx pathway in T-cells and mast cells is mediated by
calcium-release-activated calcium (CRAC) channels that exhibit a high selec-
tivity for Ca2þ. In the event of ER store-depletion, the signal is perpetuated to
the plasma-membrane by the stromal interaction molecule STIM1. At concrete
sites, STIM1 interacts with Orai1, the pore-forming subunit of the CRAC chan-
nel to initiate Ca2þ influx. McNally et al. (2009) have shown that the architec-
ture of the Orai1 ion conduction pathway is characterized by a flexible outer
vestibule formed by the first extracellular loop, which leads to a narrow pore
flanked by residues of the first, helical transmembrane segment. Oxidative
crosslinking further reveals Orai1 tetrameric or higher oligomeric assembly
with the first transmembrane segment centrally located (Zhou et al., 2010).
In our present study we found that the flexibility of the third extracellular
loop might affect Orai1 permeation as well. Cysteine-crosslinking studies tar-
geting the third extracellular loop of Orai1 channels revealed reduced ion per-
meation. Symmetrically opposed residues within the third loop were tested for
their ability to form disulfide bonds. We could identify several residues within
the third extracelular loop that were capable of disulfide crosslinking enhanced
by copper-phenanthroline (CuP). Their disruption by the compound BMS
(bis(2-mercaptoethylsulfone)) resulted in an increase in Ca2þ currents. Hence,
we assume that decreased flexibility of the third extracellular loop of Orai chan-
nels might directly shield or allosterically affect the permeation pathway.
(supported by the Austrian Science Fund (FWF): T442 to I.F. and and
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In non-excitable cells, NFAT transcription factors are activated in response to
store-operated Ca2þ entry (SOCE), which is triggered by depletion of endo-
plasmic reticulum (ER) Ca2þ stores. The key players in this process - STIM1,
a sensor of ER Ca2þ levels, and ORAI1, a plasma membrane Ca2þ channel -
were identified in Drosophila RNAi screens. To identify additional modulators
of STIM-ORAI Ca2þ pathway in mammalian cells, we performed three suc-
cessive RNAi screens: (i) a genome-wide RNAi screen for regulators of
NFAT nuclear translocation in response to ER store depletion with thapsigar-
gin; (ii) a high-throughput Ca2þ imaging screen in which candidates from the
first screen were assessed for effect on SOCE by using a FLEXStation III
(FLIPR); (iii) a single-cell Ca2þ analysis of all 97 candidates emerging
from the second screen. This third screen yielded 47 strong/moderate and
12 weak candidate modulators. The characterization of some of them shows
that they modulate the STIM-ORAI Ca2þ pathway by different mechanisms:
(i) controlling membrane organization of ORAI1 and thereby ORAI1 cluster
formation; (ii) disruption of STIM-ORAI co-localization; (iii) modulation of
STIM1 recruitment to the plasma membrane; (iv) possible post-translational
modification of STIM1 and/or ORAI1. In summary, these data demonstrate
that additional proteins are required for the proper formation and/or stability
of STIM-ORAI1 complex in mammalian cells.1601-Pos Board B371
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Store-operated channels (SOCs) represent a widespread route for Ca2þ entry
into the cell, the best characterized amongst them being the Ca2þ release-
activated Ca2þ (CRAC) channel. As the molecular composition of CRAC
channels has been a long standing mystery, the identification of selective
